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I. INTRODUCTION
The stock prices and the trade volumes play an important role in the market fluctuations in a stock market. In this paper, we focus our attention on the statistical properties of ensembles of the stock prices and the trade volumes. In the first part of the present paper, using 1443 stocks traded in Shanghai Stock Exchange (SHSE) and Shenzhen Stock Exchange (SZSE) during the years 2002-2006, we formed ensembles of daily stock prices and daily trade volumes. The database which used in the present paper is from the websets of Shenzhen Stock Exchange and Shanghai Stock Exchange (www.sse.org.cn, www.sse.com.cn). Considering the history of financial situation of Chinese stock markets, the daily price limit (now 10%), the trading rules of the two stock markets, and the financial policy of Chinese government, we select the data of the daily closing price (for each trading day) for each stock covering the recent 5-year period during the year 2002-2006, the total number of observed data for the stocks prices and the trade volumes is about 2×1443×1205.
In the second part of the present paper, we consider the returns of the fat tails phenomena and the power law distributions of Shanghai Stock Exchange Index and Shenzhen Stock Exchange Index. We select the data for 5 minutes from 9:30 (the opening time of each trading day in China) at February 3, 2002 to 15:00 (the closing time of each trading day) at April 17, 2007. The total number of observed data is 60220 for SHSE index and 60024 for SZSE index. Then we study the statistical properties of returns for SHSE index and SZSE index.
Recently, some research work has been done to investigate the statistical properties of fluctuations of stock prices in a stock market, see [1, 2, 3, 5, 6, 7, 9, 10, 11] . Their work shows that the fluctuations of price changes are believed to follow a Gaussian distribution for long time intervals but to deviate from it for short time steps, especially the deviation appears at the tail part of the distribution, usually called the fat-tails phenomena. The empirical research has shown the power-law tails in price fluctuations and in trade volume fluctuations. The study on power-law scaling in financial markets is an active topic for physicists to understand the distribution of financial price fluctuations.
In the present paper, Zipf plot method of statistical analysis is introduced to study the market fluctuations. The technique, known as a Zipf plot, is a plot of log of the rank vs. the log of the variable being analyzed. Let
be a set of N observations on a random variable x for which the cumulative distribution function is ( ) F x , and suppose that the observations are ordered from the largest to the smallest so that the index i is the rank of i x . The Zipf plot of the sample is the graph of ln i x against ln i . Because of the ranking, 1 ( )
Thus, the log of the rank is simply a transformation of cumulative distribution function. For example, in studying English word occurrence frequency, it was found that if the words have the descending orders of frequency, the frequency of occurrence of each word and its symbol ranking has simple inverse relations, that is ( )
Making a transformation, the above equation can be converted into ln ( ) ln ln P r c b r = − , where ( ) P r is the frequency of the word whose rank is r . Plotting the graph by ln ( ) P r against ln r , the graph is close to a line with the slope of b − . Zipf's law describes that only a few English words are often used, most of the words are rarely used. In recent years, Zipf's law has been widely applied to the literature, computers, networks, management, oil, and many other fields. In the present paper, Zipf plot is applied to study tail phenomena of market fluctuations in the Chinese stock markets, in particularly, the prices of stocks integrated with trade volumes are studied by the statistical analysis.
II. ZIPF PLOT OF QUOTING DATA FROM CHINESE STOCKS PRICES
In this section, we discuss ensemble of 1443 stocks daily prices of Chinese stock markets on September 18, 2006. The theory of statistical method and computer simulation is applied in the following sections, see [4, 8, 12] . Among these 1443 stocks, denote that the stocks prices in descending order, that is, S(1) is the stock price with the highest price, S(2) is the stock with the second highest price, and S(n) is the n th highest price, 1, ,1443 n = L . Figure 1 is the plot of S(n) against n on a double logarithmic scale, that is the Zipf plot of stocks prices. In Figure 1 , the Zipf plot for the stocks prices higher than 2.72 RMB shows a straight line and is well described by ( ) S n n . We can show that the daily prices of each trading day higher than some threshold value 0 p subject to a
, where the range of the threshold value of the daily parameter β is 0.28< β <0.56. Note that the threshold value 0 p depends on the trading dates n . Figure 2 shows the Zipf plot of the trade volumes of Chinese stocks. In Figure 2 , the Zipf plot for the trade volumes higher than 3269000 shows a straight line and is well described by ( )
with the parameter =0.77
. By the similar procedure and analysis, we consider the daily trade volumes of the 1443 Chinese stocks from 2002 to 2006 (totally 1205 trading days in 5 years). Similarly, we can show that the daily trade volumes of each trading day higher than a certain threshold value 0 q subject to a
, where the range of the threshold value of the daily parameter α is 0.65<α <1.12. 
III. THE STATISTICAL CHARACTERS OF PARAMETERS β AND α
In this section, for each trading day, we discuss the properties of the parameters β and α . The following Figure 3 and Figure 4 show the fluctuations of the values β and α . std α are the standard deviations of β and α respectively. Skewness and kurtosis are the important statistics used to describe the data distributions. Skewness describes the distribution patterns of symmetry. When the value of skewness equals zero, the distribution pattern is symmetric; when the value of skewness is greater than zero, the distribution pattern is positive skewness; and when the value of skewness is less than zero, the distribution pattern is negative skewness. The greater the absolute value of skewness is, the greater the degree of deviation is. Kurtosis is used to describe the steep degree of distribution. If the steep degree of the data distribution is same as that of standard normal distribution, the value of kurtosis equals to 3. When the kurtosis value is bigger than 3, then the steep degree of the distribution is bigger than that of standard normal distribution, the distribution is peak. On the contrary, the distribution is plain. The mathematical definitions of skewness and kurtosis of the vector 1 2 ( , , , ) 
V. THE STATISTICAL PROPERTIES OF PARAMETERS DIFFERENCES
In this section, we continue to study the statistical properties of the parameters β and α , in details that, the properties of the parameters differences β ∆ and α ∆ .
We Next, according to the five years data of Chinese stock markets, we study the cumulative probability distribution of
the computer simulation, we plot the cumulative probability distributions on the double logarithmic scale, see the Figure 5 . From above Figure 5 , we can see clearly that the tail distribution of the cumulative probability distribution of . The values of the exponent parameter t decide the level of the fluctuations of the corresponding parameter differences, the research work on the values of the parameters t is a main part in the study of the fluctuations of the parameters. The smaller the exponent value t is, it means that the more fluctuations the corresponding parameter difference ( For a price time series ( ) P t , the return ( ) r t over a time scale ( ) t ∆ is defined as the forward change in the logarithm of ( )
Now we give a new normalized method for the returns of ( ) r t . The following sequence is ordered from the largest value to the smallest one, that is the order statistics ( (1), , ( )) r r n L . Let ( ) med r be the median value of the vector ( (1), , ( )) r r n L , and define
On a double logarithmic scale, where ( ) R n denotes the returns in descending order, (1) R the return with the highest value, (2) R the return with the second highest value, and so on. In the following, we show the comparison of distributions between the returns of SHSE index (SZSE index) and the corresponding normal random variable, here we suppose that the returns and the normal random variable have the same mean and variance. Figure 6 shows the Zipf plot of returns along with the Zipf plot for the log normal. The Zipf plot suggests that the log normal fits the distribution of returns well in some parts. However, in other parts of Figure 6 , the Zipf plot makes clear that the returns with the large value are bigger than the corresponding values of log normal, or the Zipf plot of returns lie above the Zipf plot of normal. More specifically, with the aid of Zipf plot, the deviations from the log normal can be seen clearly in Figure 6 . First, on the right side of Figure 6 , a good fitting distributions can be seen. The main part of deviation is, however, that the tail parts of the distributions on the left side of the graph. This deviation from log normality is statistically significant. From Figure 6 , the fat tails phenomena can be seen clearly for the returns of SHSE index, this shows that the distribution of the returns deviates from the Gaussian distribution in the tail parts. Figure 7 shows the Zipf plot of returns for SZSE index along with the Zipf plot for the log normal. The Zipf plot shows that the two curves separate obviously on the left side of the graph. Figure 7 shows the similar statistical properties of returns for SZSE index as that of returns for SHSE index. 
VII. THE EMPIRICAL ANALYSIS OF POWER LAW DISTRIBUTION OF SHSE INDEX AND SZSE INDEX BY ZIPF PLOT
In this section, for SHSE index and SZSE index, we study the power law distributions of returns sequence
which is obtained by Zipf method, see the definition (1) in Section VI. In order to show the power law distributions of these two Chinese indices, we need to make some adjustment in Figure 6 and Figure 7 , that is, we exchange the horizontal axis with the vertical axis. Then applying the theory of linear regression function, we analyze the observed data, further we estimate the coefficient of determination. We are more concerned about that if this linear regression function is a good fit for the observed data, if the returns sequence { (1), , ( )} R R n L follows the power law distribution. In the followings, we give two figures Figure 8 (SHSE index) and Figure 9 (SZSE index) to show the power distribution of returns sequence { (1), , ( )} R R n L . 
CONCLUSION
The objective of this research is to investigate the power law behavior and the fat tails phenomena of Chinese stock markets. Some research work has been done in [5, 9] for Chinese stock markets. In this paper, we continue the research work by Zipf plot method.
